Key indicators: single-crystal X-ray study; T = 100 K; mean (P-O) = 0.002 Å; R factor = 0.020; wR factor = 0.058; data-to-parameter ratio = 23.5.
The title compound, Ca[Sn(H 2 PO 2 ) 6 ], was formed after a few days when tin(II) fluoride was allowed to react with phosphinic acid at ambient conditions. The structure consists of chains of Ca 2+ and Sn 4+ cations in octahedral sites with 3 symmetry bridged by bidentate hypophosphite anions. The chains are hexagonally close packed along [001] . The discovery of the compound and the successful structure refinement provides strong evidence that an isostructural compound, originally described as the mixed-valence compound, Ge 2 [H 2 PO 2 ] 6 [Weakley (1983) . J. Chem. Soc. Pak. 5, 279-281], must be reformulated as Ca[Ge(H 2 PO 2 ) 6 ].
Related literature
For the reaction of SnF 2 with H 3 PO 2 , see: Everest (1951) . For the structures of Ge 2 (H 2 PO 2 ) 6 , see: Weakley (1983), and Fe 2 (H 2 PO 2 ) 6 , see: Kuratieva & Naumov (2006) . For the socalled Ge 2 (H 2 PO 2 ) 6 structure type, see: Bergerhoff et al. Everest (1951) , a similar reaction of SnCl 2 with phosphinic acid resulted in the formation of several compounds including mixed chloride hypophosphates of tin(II). In order to simplify the reaction conditions, we studied the reaction in air using small amounts of the reactants and followed the reaction progress by optical microscopy. After a few minutes, SnF 2 starts to dissolve, accompanied by the growth of clusters of short colourless needles of Sn(H 2 PO 2 ) 2 .H 2 O at the surface of the undissolved solid. Within the clear solvent phase around the remaining solid, some large discrete colourless crystals of α-Sn(H 2 PO 2 ) 2 appeared after about 90 minutes while thick discrete shapeless lumps of β-Sn(H 2 PO 2 ) 2 were formed after one day. A day later, a few new crystals had formed within the clear solution with a slightly rounded, rhombohedral shape ( Fig.1 ) that was totally different from the crystal shapes of the compounds formed before. Although the crystals were strongly fixed to the glassware, we were able to isolate a single crystal suitable for X-ray measurements. The unexpected formula Ca[Sn(H 2 PO 2 ) 6 ] resulted from the structure refinement, indicating that the reaction medium, possibly containing HF formed during the reaction, must have attacked the glassware to generate Ca 2+ ions and that tin(II) must have been oxidized to tin(IV), presumably by oxygen from air.
Bond-valence sums for the tin (4.32) and calcium (2.08) sites, calculated using Valist (Wills, 2010) , are in good agreement with the oxidation states of +IV and +II for the respective metal atoms.
The asymmetric unit ( 1968) . Angle distortions of the octahedra in the present compound are about 1.5° at tin, and 1.1° at calcium.
Because both metal atoms are situated on the same threefold rotation axis, they are arranged in linear chains along the
[001] direction, resulting in strands that are perfectly hexagonal closed packed (Fig. 3) 6 was not the result of a rational synthesis, but was formed as a minor product during the reaction of a dihalide of germanium with phosphinic acid. Furthermore, the anisotropic thermal displacement factors of the atom assigned to Ge(II) are much higher than those of Ge(IV) (Fig. 4) indicating that the electron density at this site must be significantly lower than for Ge(II). It would be interesting to recalculate the structure using Ca(II) instead of Ge(II) in order to verify this suggestion and to lower the high R-value (9.3%), but no intensity data are deposited, unfortunately.
Experimental
About 100 milligram of solid tin(II)-fluoride (Sigma-Aldrich) were placed on a petri dish and covered by a few drops of phosphinic acid (50%, Sigma-Aldrich). No special precautions were taken to exclude air. The progress of dissolution and crystal formation was followed by optical microscopy. A few crystals of the title compound were formed after some days within the clear solution. All attempts to prepare the compound in a larger quantity in order to perform elemental analysis have so far been unsuccessful. A suitable single crystal was mounted on a 50 µm MicroMesh MiTeGen Micromount TM using Fromblin Y perfluoropolyether (LVAC 16/6, Aldrich).
Refinement
Because the composition of the title compound was unknown, structure solution started using the formula of a mixed fluoride hypophosphate of tin(II). From Direct Methods, a tin atom on a special position as well as a PO 2 fragment on a general position could be determined unambiguously. The identification of another atom on a second special position was much more difficult. Several tests using different elements during the structure refinement were unsuccessful but convinced us that the tin atom must be in oxidation state +IV (and not +II as first assumed ) with an additional divalent cation at the second special position to counterbalance the negative charge of the [H 2 PO 2 ] -ions. In fact, placing a tin(II) atom on the position in question improved the structure refinement to some extent, but the large isotropic displacement parameter indicated that electron density at this site should be much smaller. Further tests with other divalent cations instead of tin(II) gave the best result in case of Ca
2+
. At this stage of refinement H-atoms could be localized in difference Fourier synthesis. Their positions were refined with respect to a P-H distance of 1.39 Å before they were fixed and allowed to ride on the phosphorus atom with a common isotropic displacement factor. 
Computing details

Figure 4
Ball-and-stick model of the asymmetric unit of "Ge 2 (H 2 PO 2 ) 6 " as derived from deposited data (ICSD-37318). All atoms are represented as thermal displacement ellipsoids shown at the 50% probability level. The positions of the hydrogen atoms were not determined. 
Calcium hexakis(dihydrogenphosphito)stannate(IV), Ca[Sn(H
